STAGE ASSEMBLY AND METHOD FOR OPTICAL 
MICROSCOPE INCLUDING Z-AXIS STAGE AND PIEZOELECTRIC 
ACTUATOR FOR RECTILINEAR TRANSLATION OF Z STAGE 

5 Background 

The present invention relates to the field of optical microscopes, and more 

particularly is directed to a novel stage assembly which enables fine positioning of a 

specimen or sample to be investigated. Conventionally, stage assemblies include 

mechanisms for positioning specimens or samples along the X and Y-axis, in a 

10 conventional coordinate system, and employ other mechanisms for shifting the objective 

lens of an optical microscope to provide focusing in the Z-axis direction. 

Brief Description of the Drawings 

The accompanying drawings which are incorporated in and constitute a part of 

the specification, illustrate the preferred embodiment of the present invention, and 

15 together with the general description given above and the detailed description of the 

preferred embodiment given below, serve to explain the principals of the invention. 

Fig. 1 is a perspective view of an optical microscope, of conventional 

construction, showing the XY-axis stage prior to insertion of the Z-axis stage; 

Fig. 2 is a diagrammatic view, shown in perspective, of the stage assembly of the 

20 present invention showing the Z-axis stage mounted in position on the XY stage, with a 

portion of the XY and Z stages cut-away to illustrate positioning of one of the 

piezoelectric actuators; 

Fig. 3 is a cross-section schematic view, showing the XY and Z stage 

components separated from one another and a stationary bottom plate which in turn is 

25 mounted on the microscope stand, positioned above an objective lens; 



Fig. 4 is a view, shown in perspective, of the Y-axis and Z-axis stage plates 
separated from one another, illustrating positioning of the three piezoelectric actuators, 
prior to the Z-axis stage plate being inserted into the Y-axis stage plate; 

Fig. 5 is a view of the top surface of the Y-axis stage plate showing positioning of 
5 the piezoelectric actuators; 

Fig. 6 is a view, taken in perspective, showing the stage insert being directed 
toward the Z-axis stage plate prior to the slide being mounted on the slide insert; and 

Fig. 7 is a view, taken in perspective, of the Z-axis stage plate mounted in 
position on the Y-axis stage plate. 
10 Detailed Description of the Preferred Embodiment 

The present invention is directed to a stage assembly which includes X and Y- 
axis stage plates upon which is mounted an intermediate stage plate, namely, a Z-axis 
stage plate for rectilinear translation or shifting in the Z-axis direction. The Z-axis stage 
plate (or "Z-axis plate") is configured for holding a stage insert which in turn will support 
15 a microscope slide or other holder, such as a petri dish, multi-well plates, etc. for 
carrying the sample or specimen to be investigated. 

A piezoelectric actuator mechanism is interposed between the XY plate 
assembly and the Z-axis plate for providing the rectilinear shifting of the Z-axis plate. 
This construction is provided for high performance systems in which the motion or 
20 translation of the Z-axis plate is preferably controlled precisely for movements of less 
than 0.05 micrometers. 

The overall system of a conventional optical microscope is generally indicated at 
10 in Fig. 1, and in the orientation depicted, an objective lens is indicated at 12, 



2 



positioned beneath an XY stage assembly, generally indicated at 14. (The light source 
for illumination of a specimen is not shown.) The microscope stand is generally 
indicated at 16, and eyepieces at 18, and the XY stage illustrated at 14 does not show 
the Z-axis plate yet mounted in position, nor insertion of a stage slide insert. The 
5 arrangement of these details will be more apparent from a consideration of Figs. 2 and 
3, and the description which follows. As shown in Fig. 2, stage assembly 14 of the 
present invention includes an X-axis plate operable for rectilinear shifting or translation 
along the X-axis and a Y-axis plate 24 mounted thereon operable for rectilinear 
translation along the Y-axis. The X-axis plate is open throughout its middle area (not 

10 shown) and slides along a guide 26; similarly, Y-axis plate 24 is also hollow in its central 
area, and is configured to translate in the Y direction along supporting rails or 
guideways 22a, 22b. 

The X-Y-Z coordinate system is for reference purposes, and the convention of 
the X and Y directions could be reversed. The point is that the X and Y-axis plates move 

15 orthogonally or at right angles to one another. The Z-axis plate moves in a direction 
perpendicular to the X-Y axis directions, as shown. 

A Z-axis plate is shown at 28, and is dimensioned for insertion and retention 
within Y-axis plate 24 as will be described with reference to Fig. 4. As also shown in Fig. 
2, a stage insert indicated at 30 is dimensioned for being received within Z-axis plate 

20 28, for mounting a slide (or other sample holder) which will contain the sample for 
investigation. Only a single piezoelectric actuator is shown in Fig. 2 at 40, but there will 
be a total of three as will be described. The piezoelectric actuators provide a 
mechanism for engaging a bottom of the Z-axis plate, and rectilinearly translating that 
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plate in the Z-axis direction. Shown diagrammatically are a controller at 20, a computer 
at 21, and a closed loop piezo controller at 23, with electrical connections shown to the 
X plate and the piezoelectric mechanism. The connections are not shown in detail 
because such are conventional. 
5 In Fig. 3, there is shown an end view, of the components just described, 

illustrated in an exploded view to show their positioning relative to an optical 
microscope's objective lens. The optical microscope's stand or base, indicated at 16, 
supports a turret 32 and the microscope's objective (only one being shown) is indicated 
at 12. A stationary bottom plate indicated at 36 is mountable on the base, and is 

10 dimensioned for receiving X-axis plate 22, and Y-axis plate 24 is shown with 
piezoelectric actuators indicated at 40 and 42. As will be described, there are three 
piezoelectric actuators, and they are connected to engage the underside of flanged 
portions extending along the length of Z-axis plate 28. The stage insert is shown at 30, 
including its recess 31 for receiving therewithin a slide, for example. As mentioned 

15 previously, for optical microscopes in which the objective lens is located below the slide, 
each of the components, such as bottom plate 36, X-axis plate 22, Y-axis plate 24, Z- 
axis plate 28 and stage insert 30 are open in their internal regions for viewing of the 
sample carried on the slide or other holder by the below-mounted objective lens. 

The Piezoelectric Actuator Mechanism 

20 Fig. 4 is a perspective view of Z-axis plate 28 spaced above the Y-axis plate, 

prior to assembly, and it can be seen that each of the plates includes an internal 
opening. For example, Y-axis plate 24 is formed with an opening 25 which is 
dimensioned to receive depending ledges of Z-axis plate 28, so that the Z-axis plate 



4 



may be mounted or nested within the Y-axis plate and thereby carried by the XY plate 
assembly. As shown in Fig. 4, a piezoelectric actuator mechanism interposed between 
the XY plate assembly and the Z-axis plate includes three piezoelectric actuators 
indicated generally at 40, 42 and 44. The piezoelectric actuators are shown in more 
5 detail in the view of Fig. 5, which isolates Y-axis plate 24 directly from above. It will be 
seen that each piezoelectric actuator includes an element such as an end or metallic 
projection indicated at 40a, 42a and 44a which engage the planar, corresponding 
undersurface of Y-axis plate 24. Upon suitable actuation by the controller, the 
projections, by virtue of the piezoelectric effect, will move simultaneously thereby to 

10 rectilinearly translate the Z-axis plate, upwardly or downwardly, along the Z-axis and 
correspondingly the slide insert and slide, when the unit is assembled. 

As shown in Fig. 5, a cable indicated at 46 is suitably connected to the 
piezoelectric actuators, and other connections are hidden. The piezoelectric actuators 
are mounted so that their projections 40a, 42a, 44a are positioned on the same plane 

15 ensuring that precise and uniform rectilinear translation, along the same common plane, 
will be provided during a focusing step. 

It will also be noted in Fig. 5 that receiving ledges, such as indicated at 25a-d are 
provided on Y-axis plate 24 for receiving depending portions on the underside of Z-axis 
plate 28. Fig. 6 shows the fully inserted Z-axis plate into position in the Y-axis plate. 

20 Fig. 7 shows stage insert 30 being directed downwardly toward Z-axis plate 28, and will 
be maintained in the position by retaining clips 29. With stage insert 30 in position, prior 
to receiving a sample slide or other holder, the entire stage assembly is open so that the 
slide or holder may be viewed by objective lens 12. In the preferred embodiment the 
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footprint for stage insert 30 may be an industry standard so that third party sample 
incubators and sample preparation formats are supported. 

Operation of the XY and Z-Axis Plates 
The construction of the XY assembly and the Z-axis plate and its method of use 
5 enable precise and accurate positioning of a sample for analysis during investigation 
with an optical microscope. Information obtained from the optical microscope may be 
stored in a computer, and by suitably actuating the controller, in a closed loop system, 
the piezoelectric actuators may be operated to provide fine positioning of the Z-axis 
plate and the specimen. This type of operation may be very important where it is 

10 desired to take readings through horizontal sections of a sample, in fine movements of 
the sample in the Z-axis direction; for example, it may be desired to store XY 
coordinates, and take measurements in the Z-axis sequentially over small dimensions 
with precision of less than 0.05 micrometers. 

Because the Z-axis plate is accurately rectilinearly translated, precise readings of 

15 the sample are ensured. Moreover, because the Z-axis plate holds the stage insert, the 
specimen or sample mounted thereon can be positioned close to the designed focal 
position of the microscope stand. The entire stage assembly consisting of the X, Y and 
Z stages, can be accurately dimensioned to locate the stage insert and sample proximal 
to the designed focal position of the microscope stand. The rectilinear translation of the 

20 Z-axis plate is accomplished by the simultaneous movement of the piezoelectric 
actuators which define a common plane, thus enabling the Z-axis plate to be moved 
with precision as desired. 
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The X and Y-axis plates are mounted for translation over greater distances 
compared to Z-axis plate 28, for example, in the range of 100-400 micrometers. 

The method of the present invention generally follows the following steps. With 
the XY assembly mounted in position, and the Z-axis plate oriented as described, a 

5 suitable stage insert is mounted in place and the sample or specimen is appropriately 
positioned on the stage insert. The X-axis and Y-axis plates are suitably rectilinearly 
translated (by motors or manually, depending on the system) until the microscope 
operator has the sample's image in rough focus. Then, the piezoelectric actuators are 
then operated to rectilinearly translate the Z-axis plate either upwardly or downwardly 

10 until the desired image can be seen. The actuators can be further operated, to shift the 
specimen along the Z-axis to obtain different sectional views of whatever the operator 
wishes to achieve. Use of the Z-axis plate construction, with the piezoelectric actuators 
enables optical sections to be created, and a series of pictures at the same XY 
coordinates at different Z positions can be stored in the computer. This is a very 

15 different process than moving the objective lens with piezoelectrics. 



7 



